A 5-day-old Angus calf was submitted to the necropsy service at the University of Kentucky Livestock Disease Diagnostic Center. At birth, the calf was noted to have 2 scrota. Five days post-calving the calf developed severe tenesmus and an umbilical infection. Clinical examination revealed atresia ani. At necropsy, complete diphallus, imperforate ani (type 2 atresia ani), and remnants of 2 scrota were identified. This report describes the gross pathologic appearance of a rare case of complete diphallia, imperforate ani (type 2 atresia ani), and an accessory scrotum in a 5-day-old calf.
<!?show "fnote_aff1"$^!"content-markup(./author-grp [1] /aff|./author-grp [1] /dept-list)> Bovine congenital anomalies are infrequent occurrences believed to be induced by various environmental and genetic factors. The most common bovine environmental teratogens include toxic plants consumed by the dam 11 and maternal-fetal viral infections 15, 22 during gestation. Congenital anomalies have been estimated to occur in 0.2%-5% of calves. 17, 19 Leipold et al. 12 estimated the occurrence of alimentary-tract and urogenital anomalies in calves to be 4.3% each. Diphallia occurs rarely in cattle 2, 3, 8, 14, 18 and sheep, 6 and only a single case of diphallia (separate scrota) and atresia ani has been reported in cattle. 8 Atresia ani occurs in all species and is commonly reported in ruminants 13 and pigs. 4 This manuscript describes the gross pathologic appearance of a rare case of complete diphallia, imperforate ani (type 2 atresia ani), and an accessory scrotum in a 5-day-old Angus calf.
An Angus calf, of normal size and weight, was born uneventfully. Following birth, the calf was noted to have 2 scrota, which were surgically removed during castration. The farm manager indicated that a single testicle was located within the right scrotum, but the left scrotum was empty. Following surgery the calf appeared to be developing normally. At 5 days of age, the calf was lethargic, had an umbilical infection, exhibited severe tenesmus, and died. The calf was submitted to the necropsy service at the University of Kentucky Livestock Disease Diagnostic Center, Lexington, Kentucky.
At necropsy, the calf was in thin body condition and good postmortem preservation. Externally, the animal had a wet dark gray umbilicus and multiple congenital anomalies that included two penile sheaths, fibrous remnants of two scrota, and a thin-haired membrane covering the anus.
The penile sheaths were located on both sides, approximately 1 cm laterally, of the ventral midline ( Fig. 1) . Each sheath contained a penis that appeared of normal size and length. The penises ascended to the pelvis, coursed around the pelvic symphysis into the abdominal cavity ( Fig. 2) , and merged distal to the urinary bladder ( Fig. 3 ). Each penis contained a urethra, which arose separately from the urinary bladder. The prostate and vesicular glands were not grossly evident. The urinary bladder was empty, flattened, and dilated. There were variably sized red foci throughout the bladder mucosa. The urachus was dark red and patent. Portions of the umbilical blood vessels were reddened and moderately dilated and contained small amounts of light green semisolid material. The fibrous remnants of both surgically ablated scrota were identified in the inguinal region. A single undescended testicle was located in the left inguinal canal. No other testicular remnants were identified. A thin-haired membrane covered the anus (Fig. 4 ). The descending colon appeared completely formed, was severely dilated and impacted with meconium, and terminated at the thin membrane covering the anus. The large and small intestines were moderately to severely distended with meconium and digesta. Small to moderate amounts of curdled milk were in the abomasum and forestomachs. The lungs were diffusely mottled dark red. No significant gross lesions were observed in the brain, heart, thymus, liver, spleen, kidneys, muscles, bones, or joints.
Duplication of the penis is extremely rare in animals and has been reported to occur in 1 out of 5-6 million human births. 5 Schneider 9, 20 categorized human diphallia into 3 types based on duplication of only the glans penis (type 1), splitting of the penis or bifid diphallia (type 2), and complete diphallia (type 3). Due to the rare nature of this condition in animals, a categorization scheme has not been developed. Based on the gross appearance and human categorizations, a diagnosis of complete diphallia was made in this calf.
Studies in developmental anatomy have proposed a hypothesis for penile duplication. 9, 21 Embryologically, during development of the hindgut, a cloaca is formed that interconnects portions of the developing digestive, urinary, and genital systems. 11 The caudal portion of the cloaca is formed by the cloacal membrane, which is an anlage structure involved in the further development of the genital tubercle, bladder, colon, and anus. In a normally dev eloping fetus, mesoderm migrates from around the cloacal membrane to eventually form the genital tubercle. If duplication of the cloacal membrane occurs, the migrating mesoderm can surround both cloacal membranes and form 2 genital tubercles, which can eventually develop into 2 phalluses (penises or clitorises). An additional cloacal membrane may also allow for the abnormal development of other adjacent organ systems. This mechanism is further supported by the frequent observation of multiple urogeni tal, alimentary, and spinal cord anomalies seen in fetuses.
Atresia ani has been categorized in the veterinary literature into 4 types based on varying degrees of dysgenesis or agenesis of the rectum and anus. 1,23 Type 1 atresia ani involves the development of a relatively normal rectum and a patent but stenotic anus. Type 2 atresia ani, or imperforate ani, is described as a rectum that ends in Figure 1 . Sheaths, Angus calf. Ventral view demonstrating two penile sheaths. a blind pouch without anus development; frequently the rectum is properly formed but the anus is covered by a thin membrane of skin. Type 3 atresia ani is described as the formation of a blind pouch in the proximal rectum and the absence of a developed anus. Lastly, type 4 atresia ani is defined by the formation of a blind pouch in the proximal rectum and a normally developed anus. A diagnosis of imperforate ani (type 2 atresia ani) was made in this calf based on this categorization scheme.
In the human literature, accessory or duplicative scrota have been described in concurrence with anorectal malformations. 7 Normal scrotum formation occurs when the medial aspects of the bilateral genital swellings, also known as the labioscrotal swellings, fuse to form the scrotal lobes which are separated by the scrotal septum. 11 If the genital swellings fail to fuse, which likely occurred in this case, an accessory or duplicative scrotum will result.
Similarities and differences exist between this case and a bovine case of diphallus, atresia ani, and separate scrota presented by Ghanem et al. 8 These include animal breed, pelvis formation, bladder location, and accessory sex organ development. The Holstein Friesian calf presented by Ghanem et al. had an unfused pubic symphysis, an extrapelvic exstrophic bladder, and normally appearing accessory sex glands. In comparison, the Angus calf presented here had a normally fused pubic symphysis and a normally located and properly orientated bladder, and did not appear to have a prostate or vesicular glands. Similarities include complete diphallus, separate scrota, and atresia ani, though the type of atresia ani was not previously described. In the present case, comparisons between the scrota and testicles could not be definitively made due to surgical ablation. Comparison of these 2 cases indicates that, although they initially appear identical, subtle differences exist which make each case unique.
An etiology has not been associated with diphallia, but hereditary factors have been suggested in the pathogenesis of atresia ani. 4, 13 Urogenital anomalies are commonly reported in association with atresia ani, and have been suggested to occur as a result of congenital or genetic abnormalities. 16 Without surgical correction atresia ani is a fatal condition due to disruption of normal alimentary physiology. Since a diagnosis, and cause of death, of complete diaphallia, imperforate ani, and an accessory scrotum was made, histopathology was not performed. This is one of very few cases that have been described in cattle. In conclusion, a unique case of complete diaphallia, imperforate ani, and an accessory scrotum in a 5-day-old Angus calf was presented, gross pathologic changes were described in accordance with veterinary and human classification schemes, and the embryologic mechanisms of malformation were discussed.
